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(54) POWER CONVERSION CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce radiation noise at 
the time of switching operation by inserting inductors 
into the path from a plurality of sets of semiconductor 
switch which constitute the main circuit of a power 
converting circuit to a snubber circuit. 
SOLUTION: Two inductors 51, 52 are inserted into the 
path from an IGBT module 40 which constitutes the arm 
of each phase among a plurality of sets of 
semiconductor switches, constituting a three-phase 
inverter to a snubber circuit, i.e., a snubber capacitor 5. 
During the switching operation of an IGBT module 40 in 
this circuit, oscillation frequency based on 
charging/discharging of the element capacity and the 
wiring inductance of the IGBT module 40 principally 
employing the snubber capacitor 5 as the power supply 
and of the element capacity of the inductors 51, 52 can 
be lowered, and the current value thereof can be 
reduced. According to the circuitry, radiation noise can 
be reduced during switching operation by avoiding 

increase in the size of the circuit due to the provision of an electromagnetic shield or insertion 
of a filter, or the like, into a connection path. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The power inverter circuit characterized by inserting one piece or two or more 
inductors in the path from two or more sets of solid state switches which constitute the main 
circuit of a power inverter circuit to the snubber circuit of this switch. 

[Claim 2] The power inverter circuit characterized by connecting one piece or two or more 
inductors among two or more sets of each solid state switches which constitute the main circuit 
of a power inverter circuit. 

[Claim 3] The power inverter circuit characterized by adding one piece or two or more inductors 
to 1 set or two or more sets of solid state switches which constitute the main circuit of a power 
inverter circuit. 

[Claim 4] The power inverter circuit characterized by having constituted 1 set or two or more 
sets of solid state switches which constitute the main circuit of a power inverter circuit from a 
reverse parallel circuit of a self-extinction of arc form component and diode, and inserting one 
piece or two or more inductors in the path from this self-extinction of arc form component to 
diode. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to power inverter circuits, such as PWM inverter 

equipment. 

[0002] 

[Description of the Prior Art] For example, it is known that a carrier frequency will be performed 
based on the several kHz to about dozens of kHz driving signal by which pulse width modulation 
(PWM) was carried out, and a radiation noise will generate the switching operation of the self- 
extinction of arc form components (IGBT, MOSFET, etc.) which constitute the power inverter 
circuit which consists of two or more sets of solid state switches, such as PWM inverter 
equipment, from this power inverter circuit by this switching operation. 

[0003] Various legal restrictions (limit value) are imposed on the equipment (power inverter 
circuit) concerned to carry out so that especially a component 30MHz or more may control the 
bad influence which it has on an external instrument among the frequency components of the 
above-mentioned radiation noise in recent years. Drawing 5 is the block diagram showing the 
conventional example of this kind of power inverter circuit, and the snubber capacitor of each 
solid state switch by which in AC power supply, such as a source power supply, and 2 a 
smoothing capacitor and 4 constitute a three phase inverter, and, as for 5, a diode rectifier and 3 
constitute [ 1 ] the three phase inverter 4, and 6 show the load of this power inverter circuit. 
[0004] Drawing 6 shows the IGBT module 40 which contained 2 sets of solid state switches used 
for every phase arm as 6 sets of solid state switches which constitute the three phase inverter 
4 shown in drawing 5 , drawing 6 (b) is the circuitry Fig. of that interior, and drawing 6 (b) is a 
representative circuit schematic in consideration of the junction capacitance and wiring 
inductance of the semiconductor device which constitutes this IGBT module 40. 
[0005] This IGBT module 40 consists of IGBT 41 and 42 and diodes 43 and 44. As shown in the 
drawing 6 (**), the junction capacitance between collector emitters (C11, C21), the junction 
capacitance between the collector-gates (C12, C22), and the junction capacitance between 
gate-emitters (C13, C23) exist in IGBT 41 and 42. diode — the junction capacitance between 
anode-cathodes (C31, C41) — existing — further — wiring inductance L1 -L13 like illustration - 
- existing — these L1 -L13 — each — in general — several — it is nH - dozens nH extent. 
[0006] 

[Problem(s) to be Solved by the Invention] It is expressed with formula (1) - (2) when capacity 
per 1 set of solid state switch shown in drawing 6 is set to COI and C02 (C01**C02). 
[0007] 
[Equation 1] 

C01=C11+C31+C12 and C13/(C1 2+C13) — (1) 

[0008] 

[Equation 2] 

C02=C21+C41+C22 and C23/(C22+C23) — (2) 

By the switching operation of the IGBT module 40, C01 and C02 carry out charge and discharge 
mainly by using the snubber capacitor 5 as a power source, and the oscillation frequency f based 
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on this charge and discharge is expressed with a formula (3). 

[0009] 

[Equation 3] 

f=(1/2pi) (L-CO 1/2)-1/2 — (3) 

L shows the inductance of a round based on said L1 -L13 here, and f is dozens of MHz in 
general. Consequently, although it was dealing with it being necessary to take the measures 
based on above-mentioned regulation against this power inverter circuit, and preparing 
electromagnetic shielding conventionally, inserting a filter in a connection path, etc., there was a 
difficulty of the power inverter circuit which constitutes PWM inverter equipment etc. from this 
approach carrying out a cost rise, and enlarging. 

[0010] The purpose of this invention is to offer the power inverter circuit which solves the 

above-mentioned trouble. 

[0011] 

[Means for Solving the Problem] This 1st invention is taken as the power inverter circuit which 
inserted one piece or two or more inductors in the path from two or more sets of solid state 
switches which constitute the main circuit of a power inverter circuit to the snubber circuit of 
this switch. 2nd invention is taken as the power inverter circuit which connected one piece or 
two or more inductors among two or more sets of each solid state switches which constitute the 
main circuit of a power inverter circuit 

[0012] 3rd invention It considers as the power inverter circuit which added one piece or two or 
more inductors to 1 set or two or more sets of solid state switches which constitute the main 
circuit of a power inverter circuit. The 4th invention constitutes 1 set or two or more sets of 
solid state switches which constitute the main circuit of a power inverter circuit from a reverse 
parallel circuit of a self-extinction of arc form component and diode, and is taken as the power 
inverter circuit which inserted one piece or two or more inductors in the path from this self- 
extinction of arc form component to diode. 

[0013] According to this invention, at the time of the switching operation of the solid state 
switch which constitutes a power inverter circuit, the oscillation frequency based on the charge 
and discharge of this component capacity can be reduced by said component capacity and wiring 
inductance, and said inductor, and that current value can also be reduced. 
[0014] 

[Embodiment of the Invention] Drawing 1 gives the same sign to what has the same function as 
the conventional example circuit which is the partial circuit diagram of a power inverter circuit 
showing the 1st example of this invention, and was shown in drawing 5 and 6. That is, in drawing 
1 , one piece or two or more inductors are inserted in the path from the IGBT module 40 which 
constitutes each phase arm among two or more sets of solid state switches which constitute 
the three phase inverter 4 shown in drawing 5 to the snubber capacitor 5 as a snubber circuit. In 
the drawing 1 (**), inductors 51 and 52 correspond to this, an inductor 53 corresponds to this in 
the drawing 1 (**), and an inductor 54 corresponds to this in drawing 1 (Ha). 
[0015] In the example circuit shown in drawing 1 , at the time of the switching operation of the 
IGBT module 40, oscillation frequency by the component capacity and the wiring inductance 
( drawing 6 (**) reference) which IGBT40 has mainly by using the snubber capacitor 5 as a 
power source, and the inductor (51-54) is low made as compared with the conventional example, 
and this current value is also reduced. Drawing 2 gives the same sign to what has the same 
function as the conventional example circuit which is the circuitry Fig. of a power inverter circuit 
showing the 2nd example of this invention, and was shown in drawing 5 and 6. 
[0016] namely, 3 sets of IGBT modules 40 which constitute the three phase inverter 4 shown in 
drawing 5 from a power inverter circuit of drawing 2 — one piece or two or more inductors are 
connected between each. In the drawing 2 (**), inductors 61-64 correspond to this, inductors 65 
and 66 correspond to this in the drawing 2 (**), and inductors 67 and 68 correspond to this in 
drawing 2 (Ha). 

[0017] the example circuit shown in drawing 2 — 3 sets of IGBT modules 40 — at the time of 
each switching operation, oscillation frequency by the component capacity and the wiring 
inductance ( drawing 6 (**) reference) which each IGBT40 has, and the inductor (61-68) is low 
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made as compared with the conventional example, and this current value is also reduced. 
Drawing 3 is the partial circuit diagram of a power inverter circuit showing the 3rd example of 
this invention, and gives the same sign to what has the same function as drawing 1 and the 
example circuit shown in 2. 

[0018] That is t in drawing 3 , one piece or two or more inductors are added to the interior of 
IGBT(s) 40a, 40b, and 40c which have the same function as the IGBT module 40. In the drawing 
3 (**), inductors 71 and 72 correspond to this, an inductor 73 corresponds to this in the drawing 
3 (**), and an inductor 74 corresponds to this in drawing 3 (Ha). In the example circuit shown in 
drawing 3 , at the time of the switching operation of the IGBT modules 40a, 40b, and 40c, 
oscillation frequency by the component capacity and the wiring inductance ( drawing 6 (**) 
reference) which IGBT(s) 40, 40b, and 40c have mainly by using the snubber capacitor 5 as a 
power source, and the inductor (71-74) is low made as compared with the conventional example, 
and this current value is also reduced. 

[0019] Drawing 4 is the partial circuit diagram of a power inverter circuit showing the 4th 
example of this invention, and gives the same sign to what has the same function as drawing 1 
and the example circuit shown in 2. That is, in drawing 4 , one piece or two or more inductors are 
inserted in each reverse parallel circuit of the 2 sets of IGBT(s) and diode which constitute the 
IGBT module 40. In the drawing 4 (**), the inductors 81 and 82 of the reverse parallel circuit of 
IGBT41 and diode 43 correspond to this, the inductor 83 of the reverse parallel circuit of IGBT41 
and diode 43 corresponds to this in the drawing 4 (**), and the inductor 84 of the reverse 
parallel circuit of IGBT41 and diode 43 corresponds to this in drawing 4 (Ha). 
[0020] In connection with the switching operation of IGBT41, to the oscillation frequency by 
IGBT41, the component capacity of diode 43, and the wiring inductance between components 
( drawing 6 (**) reference) being about 100MHz, it is 30MHz or less, and this current value can 
also be reduced by insertion of an inductor (81-84) in the example circuit shown in drawing 4 . 
[0021] 

[Effect of the Invention] Since according to this invention the oscillation frequency resulting 
from the component capacity and the wiring inductance of the semiconductor device which 
constitutes this switch can be reduced and that current value can also be reduced at the time of 
the switching operation of the solid state switch which constitutes the main circuit of this power 
inverter circuit, without enlarging a power inverter circuit, the radiation noise from this power 
inverter circuit mitigates. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The partial circuit diagram of a power inverter circuit showing the 1st example of 
this invention 

[Drawing 2] The circuitry Fig. of a power inverter circuit showing the 2nd example of this 
invention 

[Drawing 3] The partial circuit diagram of a power inverter circuit showing the 3rd example of 
this invention 

[Drawing 4] The partial circuit diagram of a power inverter circuit showing the 4th example of 
this invention 

[Drawing 5] The block diagram of a power inverter circuit showing the conventional example 
[Drawing 6] The circuitry Fig. of the power inverter circuit shown in drawing 5 
[Description of Notations] 

1 [ — A three phase inverter 5 / — 41 A snubber capacitor, 40, 40a and 40b, 40 c — IGBT 
module, 42 / — 43 IGBT, 44 / — Diode, 51-54, 61-68, 71-74 81-84 / — Inductor. ] — AC 
power supply, 2 — A diode rectifier, 3 — A smoothing capacitor, 4 
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